crease a neutral sphingomyelinase activity in nonraft compartments. More recently, the DD of TNFR1 was reported to be required for partial localization of TNFR1 variants in microdomains of unstimulated HeLa cells (Cottin et al., 2002) .
We therefore reinvestigated the role of lipid rafts in TNF␣ and FasL signaling. We show that lipid rafts play an essential role in TNF␣-mediated NF-B activation but not in FasL-induced cell death. Upon activation, TNFR1 but not Fas translocates to lipid rafts, where it binds to various signaling proteins, forming a receptor-induced signaling complex. We also show that the specific engagement of the receptor in lipid rafts induces ubiquitylation of both TNFR1 and RIP, providing evidence for a potential role of lipid rafts in the degradation of the signaling complex. Finally, we propose that the disrup- In order to investigate whether lipid rafts are involved in TNF␣-and FasL-mediated clustering of their receptors and initiation of the respective signal transduction population was independent of TNF␣ triggering and was pathway, the plasma membrane localization of endogenot observed upon shorter exposure of the same experinous TNFR1 and Fas was first examined on resting hument (data not shown). In addition, the same unspecific man fibrosarcoma HT1080 cells. Both TNFR1 and Fas fuzziness was also observed in the heavy fractions of were expressed at the cell surface, whereas TNFR2 was the sucrose gradient depicted in Figure 1 Association of TNFR1 with lipid rafts was greatly inNext, we investigated the TNFR1 and Fas signal transduction pathways by means of analysis of their signaling creased upon receptor engagement (Figure 2A) . A significant translocation was already observed as early as 2 complexes. Additionally, we studied whether the signaling complex elicited by the engagement of endogenous min after TNF␣ addition and progressively declined after 10 min of stimulation down to its initial distribution in TNFR1 occurred within or outside of microdomains. To this end, HT1080 cells were stimulated with Flag-tagged resting cells after 60 min. Early events occurring after TNFR1 activation are the recruitment of the adaptors soluble TNF␣, lipid rafts were isolated, and engaged receptors including the signaling complexes were im-TRADD and TRAF2, as well as the kinases RIP, IKK␣, and IKK␤. All these proteins translocated to microdomunoprecipitated using an anti-Flag Ab. As depicted in Figure 3A , the majority of engaged TNFR1 was found mains after 2 to 10 min of TNF␣ stimulation (Figure 2A) . Lipid raft association of the receptor, as well as of the in lipid rafts after 2 min of stimulation, and lipid raftassociated TNFR1 was modified. In contrast, engaged recruited signaling molecules, was transient and ceased after prolonged receptor triggering. Interestingly, raft TNFR1 molecules that were excluded from microdomains did not display such a modification. This differtranslocation of TNFR1 and RIP was accompanied by modifications of both proteins as they migrated with ence was even more striking for RIP, which was maximally recruited to the raft-associated signaling complex higher apparent molecular weights on SDS-PAGE (Figure 2A) . The fuzziness of the band obtained by the elecafter 2 min of TNF␣ stimulation where it was found almost exclusively in its modified forms ( Figure 3A) . The trophoretic separation of the Triton X-100 soluble TNFR1 of ubiquitylated molecules using an anti-ubiquitin Ab. Subsequent immunoblotting using specific Ab clearly revealed that both TNFR1 and RIP but not TRADD and TRAF2 were exclusively ubiquitylated in lipid rafts upon TNF␣ stimulation ( Figure 4C ). 
Lipid Rafts Are Essential for Ubiquitylation, and Translocation Precedes Ubiquitylation

